AD-A061 7635 FOREIGN TECHNOLOGY DIV WRIGHT-PATTERSON AFB OHIO F/G 17/2 
LIGHTGUIDES» (U) 
NOV 77 S WEINFELD 

UNCLASSTFTFD FTN=$TN (RS) T$1974%—-77 


END 


ize 
ile 


Ps, 
wes 


25 es es 


LID f06/76é 3 


LIGHTGUIDES 


by 


Stefan Weinfeld 


Approved for public release; 
distribution unlimited. 


DISCLAIMER NOTICE 


THIS DOCUMENT IS BEST QUALITY 
PRACTICABLE. THE COPY FURNISHED 
TO DDC CONTAINED A SIGNIFICANT 
NUMBER OF PAGES WHICH DO NOT 
REPRODUCE LEGIBLY. 


FID -1D(RS)T-1973-77 


EDITED TRANSLATION 


FTD-ID(RS)T-197 3-77 18 November 1977 
MICROFICHE NR: BD - 77-C- 00 1437 NECRES <a | 
alls Ve Section Sef 
LIGHTGUIDES 00C Bot! Section (7 
UNAW } 
By: Stefan Weinfeld | sty 
English pages: 10 By 
‘ . JASIRIBUL YAS ABS IN CG 
Source: Mtody Technik, Vol. 26, No. 12, 1976, oo ae it we’ 
Mist, 4 SUeC! 


pp 43-47. 


Country of origin: Poltand 

Translated by: SCITRAN 
F33657-76-p-0390 

Requester: FTD/ETDP 

Approved for public release; distribution unlimited, 


¥ 


THIS TRANSLATION !S A RENDITION OF THE ORIGI. 

NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR 

EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY: 

ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE 

AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION 

OR OPINION OF THE FOREIGN TECHNOLOGY DI- FOREIGN TECHNOLOGY DIVISION 
VISION. WP.AFB, OHIO. 


FID <-ID(RS)T-1973-77 Date 18 Nov 1977 


Stefan Weinfeld 


The outhor of this article just forty yeers ago (yes!, he is indeed in 


, quite acvaenced eoe) hec an cccasicn to see the radic receiver, orobably of 
m Austrian make, with the oie) in the form of a map. Tunine in the given 
station, ec. Warsaw, was indicated by an it?uminated point showing the 
Yocaetion on a map. The Gesign was crobabl)y patented, despite its 

4 simplicity: from the circumference of the drum around the dial there were 


outgoing ‘lass rods bent in such a manner that each encing createc a 


’ 
int incicating & city on Gia’-map. The turning caused light bulb 
; : v 
NOvement alons the drum circumference anc j)lluminatino different rod 
} endings, sort of injection of the light signal icto them. Thus, Gue to the 
7 interne) reflecticn phenomenon, the Tight was sent to the proper vosition 
on dial. 
i 
Every Glass rec wes then a certain type cf a Yight guice --a primative 
one,but still a lichtguice; the trensmitted signe!) had thr simplest 
imaginatie structure, tut it was a sianel. 
nd co efter a time pericd easily within a lifetime of cone generation, 
thus mot te lone, the thecry and the technclogy cave this mest simple 
(4) 
device stetus of almcst symbo) of future telecormunication. how did it 
happen? what is the qenesis ef a light cuidge? What is it today’ hat wil) 
it be tonorrou 
} GENE STS 


Loe ot the tenoaencies in teleconmunicaticn almost from its inception 


is the increase cf the bandwicth, fe. frequency region usec for the sianal 


trensmissicn. Initially this tendency was ciCteted ty economic reescens only, 


(1) We tgnore the application of fiber optics in medical instruments. 


Nemely attempting te 
but Severa!] anc more 


reesons were accec: Cc : t such 


Telecommunicetic 
(50 mm diameter) 
ply pipe i ac} 


eginning 

mpeting 

incicates, the infourmati 
bauiu waves, but Tight (not necessarily 
reuiation). Althcuyh it may initially ef 
hes pussibilitics nut uorse tnan the reu 
radiation nave their olace in the electro 


Nowever, the light waves are ruch shorter 


waves, and because of that, by a proper mcau)ation, 


Cc 


strange, 


weves. 


ponetic 


than 


the 


the 


ine, 


not on 
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technica) 


» ever uhich 


nversations. 


there 


tne infrared 


optica 


E 
wide band. Ine attempts te buidu the lignt lines, naloy us to the 


micrQuave rocgio lines, yave very goou results, despite that these Vines 
Cen be usec only for very short cistances ( several xilometers, for 


example in the city between tel) buildings). (ne has tc texe inte 


account, that the beac atmospheric conditions, like rain cr foa, alsc the eir 
pollution or some temporary obstructions (like flying bird) make such 


comeunicaetion difficult. 


Tnis is why one used the previous experience with the microwave 
vavequices anc attempted te construct the similar ‘ines for the optical 
radiation, equipped either with the optical Yenses tc focus the light beam 

r th the mirrors tc keep the light r=,s propagating alone tne pipe. Th 
real progress was mace only after the cless tnhreecs suitable fear light 
Crensmission were Giuteined, tmhe sind we cel) tecay the light uldes. 
FRESENT ORY ' 

Ihe “light guides" whict mentioned at the beginning, were the rods 
a few milimeters in ciemeter. Te Gescribe the oresent cey liuht guides 
I used the ucre "threads", elthcuch one should speak of the “glace heir" 
because af the very smal? Tight quide ciameters Sut Yet us res, 
rejecting even the mest cescriptive names, te use the commonly accepted in 
the crofessiona!l Jiterature term, the “glass fiber". 


The fibers used as the Vight guides ciffer in diameters, anc et the same 
tine jin the transmission croperties. The thinc is, that although the tight 
propacetcs insice the glass fiber according te wel) kncun aus of Gec=- 
metricel op lies (it is ucrth mentioning here, that with those laus are 
conmmected the naves cf Dutch matnematician willdetiena Snel}, who in 162) 
Formulétec the rule relating the enule of incicence with the 
anule uf refrection, and the French methemetician Peter Ferm=t whe about 


165) esteblishe the so celled principle of least time) but the precise 


mecheniem of the Viqht propacation in the fibers of very sma’) Giameters 


can be explainec in terms 
metnematical apparetus. 
the wave Quide ther 
“moqec" 


they 


timoge " simi Structio 


urrounued t } cs n lope with Janu: 


the vepenes 
refrection coefficient. 


whict jesciibes the 


jth & diameter cf 
procuction of this 
relativ jm ) =a } ther You. elatively 
diameter makes ij Our it . 1 Source. 
nul Limod ibe is : [ eauir he narrow 13 
tore uonput. 
core hes 4 Uianeter cf only 


éveleniths. Ww the structurel considereticons ( it is impertent 


ie fits ies mechenicel strength sufficient for the practical 


use) tt é e cGlameter is from =. to 10C pr: 


transmit much uicer banc tnan tre multimooe fiber. } ite uncer- 
stenable, at such at? core cdiemeter causes (sti)) not ite solveo) 
difficulties with the Tight “Injection”. The solution to this preblem 


eplFefocusing fiber, which after recent technelocical 


ee 9 


a 


a 


ivprovements transmits the Jight pulses with a minimum of spreacing, 


reaching single nano-seconis for kilometer of length. 
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how sme)? the fiber ciameters are 
understand what cifficul+ies lie in their production. The fiber must a)so 


satisfy very trinzcent requirements os far as materia) purity. Very 


sma’) for exenple 1:]0°) metal) impurities cause significent 
increase in light absorpticn, changes in material « sity, small 
imhemoge nous ty Or the Sir bubbles @re the causes of ciSpersion which else 


Significently increases the camping ( the weakening of tre signal alan. 
the path ). The Tight guice proplems co not end on @ fiber optics. Ver 
importent also are the lignt sources. Let us remember, thet in the 
ratio transmitters ( from the Jone wave te the microw=ve) the rea? 
problem is the cre-tion of electromagnetic vibration with cefinec anc 
stsble freoguency. The Jight sources usec in light guide Vines shculd neve 
at Yeast similar oroperties. The a'’must idee) source became, as scon as 


d, end this ciscevery was one of the greatest in this 
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century, the laser. Presently, other light sources are used, achieved 


throuch the creat advances of solia stete pnysics, such es semiconductor 


light emiting dicdes. [ne can not say, however, that both mentions 
problems are entirely solved, scecifically, there is e Jat remaining to 
De GuMme in the area of ight scurces for long cistance transmission lines. 


besiues, thete Neve Gluaeys Oven plenty cf techme'’osical prceolems; 
one Nas tu moculéte the light on the trensmitting end, thet is "fola in" 
the infoi:wction by a chenge in Certain characteristic qualities, anc cn the 
receiving enc to extract this irfermetion from the bi -+- streem ( we talk 
about the signal cetection cf course). F€ven to introduce the Tight flux 


into the fiber, with very sme!) Icsses, creates consicerable cifficulties. 


The threcho’a cf theoretical anc oractica? «knowlecge ( that is, technology) 


mein 
I 
which neene to be surmounted, is indeeo very high in the case of light 
E 
: ices. 
PR NT LIGATIONS .< 

They till co not incluce the telecommunicatiun network for public 
ue, githcugh Ufic wel 1 tril area hes Cen CC ucteo FCr scme time. Ne 
could Scy, Cire S tar, the ligh -uides ot useful crly in "micretele- 
culmunicetion", the signal transmission between seperate systems, Vike 
computer centers, cr other ce TS BOuipped with measvurer t en ntre 
agparetus, closed television netwerks, ship ence submarines, aircraft an 

rockets. Their usefulness was proved in spatially sma’) scele, out 
significant in other exploitetion cualities. 

Fer many reasons the Yicht quides in these kinds cf applications are 
sunericr to the electrical sicnal tines. They are mune to interferences 
from other e’ectromacnetic fielos. Thus eliminate. is the “number | ¥ 
prebler" with whith the engineers ar ncountered, when they have to 

, place the lines cerrying weak sionals in proexinity of r=aar installations, 
OF hHigi pOWer racic trensmitters, or emung cther similar lines. VYore- 
Over, there is nothing te ark in light guides, no short circuits (which 
May Ge especially cangercus in eircraft); ther ray be Jerge potential 
uifferences between input ena outtut, reeching thousencs cf velts. Frer : 
the electrice!l stenupoint it is sinnificent thet there is no r+ceiver 
feecbeck, influence of catle impecance, reflections, etc., which usuet) 
renuires oreet care in desion anc insta’letiorn of electrical cebles. 
The Vioht cuicee dditicn, are mucr Vighter than the electrical 


lings, due te the sn@)ler ciamters, end because there is no need fo! 


shielding (there is nething te be inducec). Thin gless fibers are elastic, 


i 
t 


easy to bend, vibretion resistant, and breakage +f one fiber does not 
Ceuste the complete loss cf connection. These eCvanteyes are especially 
ipportsnt in installations where every gram is significant, where cue tc 


vilbrotsGns eno Gverloeuing the ontcard instru 


ment working ccncitions ere 


j Gifficulty,anc reliability requirements a1 jreater than anyuhere: thet i 
| i ircreft er aCe venicles. 
Re FUTURE TIVES 
Fy the calculetions, it forte that the ~lese fibers may be use 
+ trenen ee P rection athryt - : imyultear r + } r C me 
4 versations. cause cf reactical re@secns, tri to use ny in- 
€ dent fj re ble, f t evect f these firer trensrmits much 
rr $ th + MH2), Th at oe vic bY, of feu ip= 
Tet t ‘ nteir vere’ huncreo octical fibers. As @e result 
ioe cab! 1D m2 ion 6 ao creat tr Coss Pe t Seve nt 
4 of le Xi OF wide ¢ gq tran issi n yst S. Ther we react the 
bouncery between predictions enu creams. rhaps the light guice wil] be 
just this el: which will te usec in future multimillion metropolitan 
Tee » Clesete the infermaetion transmission network’ All kinds of 
infor tion: telephone, vi , Geta. Even, @s they say ir ipnlemetic 
Tasuage, the "ceuticus optimicm" permits to imacine futur home 
stance! ruipope ( eas present day houses ar€equicfced with electricity, 
water and sewer) with fe viceerheones, cutlets fer mu?tichanne! caple 
televis » Kevboer n isptay cennect t central computer end 
otter rrinal ( for example te senc a mews eI text). rhaps even this 
mct exhaust the nerrous possibilities of sencing the informativun vie 
; Jightguices, since just these encrmeus possibilities, both in the of 
cCistriGutes infornatiul letwork in large anc sal) tetropolitan areas, 
ane in lonmy cistance lines, will prove to be the inipetus to cre-te the 
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my l< , 14 oh ae tea $ a4 ; , Ce ae ; 
ie laser igh in, ed int he hair-thir iber ( 
y } 4 Sant ) ) + yor « +h Py 2 « 1 
Le > on lef picture) ravels alongs he iber wrapped 
eae peony nme aces i iene, call - QO Marae Sa ier ee i 
irum, and after travel bin 1DOU ) Meters, LUI 
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